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Background: Iodine requirements increase during pregnancy and previous studies have 
reported the inadequate iodine status of pregnant women in areas that have achieved 
iodine sufficiency in the general population. We examined the urinary iodine (UI) 
concentrations of pregnant women in Ukraine, where the iodine status is showing 
improvement among the general population. 
Methods: We enrolled 148 pregnant women less than 16 weeks pregnant and 80 
healthy women as a control group living in Zhitomir, Ukraine. UI concentration, 
thyroid-stimulating hormone (TSH), antithyroglobulin antibodies (TGAb), and 
antithyroid peroxidase antibodies (TPOAb) were measured. 
Results: The median UI concentrations were significantly lower in pregnant women 
than in control women [13.0 (ND-51.0) µg/L vs. 62.0 (35.3-108.5) µg/L, p<0.001]. TSH 
concentrations were significantly lower in pregnant women than in control women [1.7 
(1.2-2.7) IU/L vs. 2.2 (1.4-3.1) IU/L, p=0.011], but this difference disappeared when 
adjusted for age (2.1±0.1 IU/L vs. 2.4±0.2 IU/L, p=0.097). The frequency of TSH over 
6.2 IU/L and the frequency of positive TGAb and/or TPOAb were not statistically 
different between groups (p=0.70 and p=0.48, respectively). The UI concentrations of 
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142 pregnant women (95.9%) were less than 150 µg/L, indicating insufficient iodine 
intake. 
Conclusions: The UI concentration of pregnant women in Ukraine revealed severe 
iodine deficiency. Regular monitoring and appropriate nutrition education are essential 
because iodine deficiency can be easily prevented by adequate iodine intake. The risk of 
iodine deprivation during pregnancy needs to be assessed locally over time, because it 
may occur in areas that are not globally recognized as being iodine-deficient. 
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On a worldwide basis, iodine deficiency is the single most important preventable cause 
of brain damage, despite the fact that iodine deficiency disorders are among the easiest 
and least expensive of all nutrient disorders to prevent. Although significant progress 
has been achieved to eliminate iodine deficiency by universal salt iodization programs 
(1), salt must not only reach the entire affected population, but it also needs to be 
adequately iodized for particular groups that are most susceptible, such as pregnant 
women and young children. 
Pregnant women are at a higher risk for iodine deficiency than the general 
population due to increased thyroid hormone production, increased renal iodine losses, 
and fetal iodine requirements in pregnancy (2). When iodine deficiency takes place 
during fetal development, endemic goiter, cretinism, growth retardation, intellectual 
impairments, neonatal hypothyroidism, increased pregnancy loss, and increased infant 
mortality may occur (3). Therefore, the recommended adequate urinary iodine (UI) 
concentration for pregnant women ranges between 150 and 249 µg/L, which is greater 
than the recommended value for non-pregnant women (100-199 µg/L) (1). 
During 1991 to 1996, Ashizawa et al. first examined the UI concentrations of 953 
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children in Zhitomir, Ukraine, which is the same area where we conducted this study (4). 
The median UI concentration was 39 µg/L, suggesting moderate iodine deficiency 
status in this area. Tronko et al. then reported the median UI concentration of 41.7 µg/L 
for 1998-2000 (Cycle 1) and 47.5 µg/L for 2001-2003 (Cycle 2) in Ukraine (5). In 
Cycle 1, the lowest UI concentrations were found in Zhitomir. However, the situation in 
Zhitomir improved in Cycle 2, when access to public health messages and to salt 
fortified with iodine and iodine-rich food was likely to have increased. According to the 
WHO global database on iodine deficiency in 2002, the median UI concentration was 
89.7 µg/L for women 15 to 49 years of age in Ukraine (6). In addition, we screened UI 
concentrations in a population residing in the Kiev region of Ukraine in 2005. In these 
subjects, the median UI concentration was 109 µg/L and only 10 subjects were in the 
concentration range between 20 and 49 µg/L, with none below 20 µg/L (7). 
The above results suggest that the iodine status in Ukraine might be improving, 
probably due to supplementation with iodized salt. However, there are no reports that 
have evaluated the iodine status in pregnant women, who are one of the most 
susceptible population groups. Therefore, in the present study, we investigated the UI 
concentrations of pregnant women in Ukraine, where the iodine status is showing 
improvement among the general population. 
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Subjects and Methods 
 
Participants 
The study protocol was approved by the institutional review board of Korosten 
Inter-Area Medical Diagnostic Center, Korosten, Zhitomir, Ukraine. Informed consent 
was obtained from all participants. The subjects were 148 healthy pregnant women 17 
to 40 years of age who were less than 16 weeks pregnant and who visited Korosten 
Inter-Area Medical Diagnostic Center for periodic prenatal examinations. As a control 
group, 80 healthy non-pregnant women 19 to 44 years of age were randomly selected 
from the general population who visited the same center for general health examinations. 
The exclusion criteria for pregnant women and the control group included a history of 
thyroid disease, renal insufficiency, and having delivered previous children with 
cretinism. None of the study participants received medication containing iodine. 
 
Laboratory Analyses 
Blood samples were collected for measurement of thyroid-stimulating hormone (TSH), 
antithyroglobulin antibodies (TGAb), and antithyroid peroxidase antibodies (TPOAb). 
Serum TSH, TGAb, and TPOAb levels were measured using a Stat Fax® model 303+ 
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enzyme-linked immunosorbent assay (ELISA) (Awareness Technology, Inc., Palm City, 
FL, USA). Inter-assay coefficients of variation were 5.3% to 9.3% for TSH, 3.9% to 
8.5% for TGAb, and 1.5% to 2.9% for TPOAb. The laboratory reference range for TSH 
was 0.3-6.2 IU/L. Values <125 IU/mL for TGAb and <20 IU/ml for TPOAb were 
considered negative. 
We collected 2-mL spot urine samples to measure UI concentration. UI concentration 
was measured by a simple microplate method based on the Sandell-Kolthoff reaction (8), 
which incorporates both the reaction and digestion processes in a microplate format (9). 
Briefly, using a specially designed sealing cassette to prevent the loss of vapor and 
cross-contamination among plates, ammonium persulfate digestion was performed in a 
96-well microtiter plate (MicroWell; Nalge Nunc International, Rochester, NY, USA) in 
an oven at 110°C for 60 minutes. After digestion, the mixture was transferred to a 
transparent microplate and the Sandell-Kolthoff reaction was performed at 25°C for 30 
minutes. Finally, the UI concentration in each well was measured by a microplate reader 
at 405 nm. The sensitivity of this method was ≥25 µg/L. The intra-assay coefficient of 
variability was 5.5% at 44.2 µg/L, 3.1% at 164.0 µg/L, and 1.3% at 414.9 µg/L. The 
inter-assay coefficient of variability was 1.8% at 44.2 µg/L, 3.5% at 164.0µg/L, and 
2.0% at 414.9 µg/L. We considered the World Health Organization (WHO), United 
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Nations Children’s Fund (UNICEF), and the International Council for the Control of 
Iodine Deficiency Disorders (ICCIDD) -recommended epidemiological criteria based 
on median UI concentration for assessing iodine intake in pregnant women. According 
to this criteria, median UI concentration less than 150 µg/L define a population which 
has insufficient iodine intake, between 150 and 249 µg/L define as adequate iodine 
intake, between 250 and 499 µg/L define as above requirements, and more than 500 
µg/L define as excessive iodine intake (1). 
 
Statistical methods 
UI concentrations were expressed as medians (25th-75th percentiles). Differences 
between the pregnant and control groups were evaluated using Mann-Whitney’s U-test 
for age, UI concentration, and TSH concentration. Frequencies of positive TGAb and 
TPOAb were evaluated by the χ2 test. TSH concentrations adjusted for age between the 
groups were compared by analysis of covariance. All statistical analyses were 
performed using SPSS Statistics 18.0 software for Windows (SPSS Japan, Tokyo, 






Table 1 shows the characteristics of the study participants. Pregnant women were 
younger than the control women (pregnant women, 25.9±5.5 years; control women, 
31.9±6.1 years; p<0.001). The mean gestational age at examination was 12.2 weeks. UI 
concentrations were significantly lower in pregnant women than in control women [13.0 
µg/L (ND-51.0 µg/L) vs. 62.0 µg/L (35.3-108.5 µg/L), p<0.001]. TSH concentrations 
were significantly lower in pregnant women than in control women [1.7 IU/L (1.2-2.7 
IU/L) vs. 2.2 IU/L (1.4-3.1 IU/L), p=0.011), but this difference disappeared when 
adjusted for age (2.1±0.1 IU/L vs. 2.4±0.2 IU/L, p=0.097). Six pregnant women (4.1%) 
showed low TSH concentrations less than 0.3 IU/L, but none of the control women 
showed TSH concentrations less than 0.3 IU/L. Also, 4 pregnant women (2.7%) and 3 
control women (3.8%) showed relatively high TSH concentrations more than 6.2 IU/L. 
The frequency of TSH more than 6.2 IU/L between the groups was not statistically 
different (p=0.70). The frequency of positive TGAb was higher in the control group 
(8.8%) than in the pregnant group (2.7%) (p=0.042). On the other hand, the frequency 
of TPOAb was not statistically different between the two groups (8.8% in the control 
group and 8.1% in the pregnant group; p=0.87). The frequency of positive TGAb and/or 
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TPOAb was also not statistically different (12.6% in the control group and 9.5% in the 
pregnant group; p=0.48). 
The number of cases with iodine deficiencies among pregnant and control women is 
shown in Table 2. Among 148 pregnant women, UI concentrations were less than 25 
µg/L in 74 women (50.0%). Thirty-five pregnant women showed 25-49 µg/L (23.7%), 
28 women showed 50-99 µg/L (18.9%), 5 women showed 100-149 µg/L (3.4%) and 6 
women showed more than 150 µg/L (4.0%). On the other hand, only 6 women showed 
less than 25 µg/L in the control group (7.5%). Twenty-three control women showed 
25-49 µg/L (28.8%), 30 women showed 50-99 µg/L (37.5%), 10 women showed 
100-149 µg/L (12.5%), and 11 women showed more than 150 µg/L (13.8%). The ratio 
was significantly different between the two groups (p<0.001). Figure 1 shows the 
distribution of UI concentrations between pregnant and control women. There were 142 
pregnant women (95.9%) whose iodine intake was insufficient and only 4 pregnant 
women (2.7%) whose iodine intake was adequate based on the WHO/UNICEF/ICCIDD 






In our cross-sectional study in Zhitomir, Ukraine, an iodine-deficient status was 
observed; UI concentrations were significantly lower in pregnant women than in control 
women [13.0 µg/L (ND-51.0 µg/L) vs. 62.0 µg/L (35.3-108.5 µg/L), p<0.001] and UI 
concentrations in 142 pregnant women (95.9%) were less than 150 µg/L, indicating 
insufficient iodine intake on the basis of WHO/UNICEF/ICCIDD criteria (1). The 
difference in UI concentrations between the pregnant and control women was obvious, 
even though there were no significant differences in the frequency of high TSH 
concentrations and the frequencies of TGAb and/or TPOAb. Also, there were no 
significant differences in TSH concentrations between the two groups after adjustment 
for age, regardless of progressive shifts toward higher concentrations with age (10). 
Low TSH concentration in pregnant women compared to control women is a natural 
consequence of the rise in human chorionic gonadotropin concentration in the end of the 
first trimester (11). Because low UI concentration in the first trimester of pregnancy is 
not reflected by high TSH concentration, we included pregnant women who were less 
than 16 weeks pregnant in this study, so the mean gestational age was 12.2 weeks. The 
median UI concentration of control women was 62.0 µg/L in this study, which was 
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significantly lower compared to that in our previous study in the Kiev region (7). This 
discrepancy may be caused by the different frequencies of iodized salt intake between 
these studies’ participants. 
Recently, several studies reported the inadequate iodine status of pregnant women in 
areas that have achieved iodine sufficiency in the general population. In an 
iodine-sufficient area in Bosnia and Herzegovina, the median UI concentration of 300 
pregnant women was 142 µg/L (12). In Catalonia, Spain, where the government 
developed a public health action plan to eliminate iodine deficiency disorders, the 
median UI concentration among 600 pregnant women was 104 µg/L and 72% of these 
pregnant women had UI concentrations below 150 µg/L (13). Surprisingly, only 11% of 
these women reported using iodized salt in the food frequency questionnaire. A 
cross-sectional study in Lyon, France also suggested that pregnant women had an 
iodine-deficient status (14). Their median UI concentration was 81 µg/L and 77% had a 
UI concentration below 150 µg/L. Mian et al. conducted screening in pregnant women 
from different geographic origins (Italy, Eastern Europe, Northern and Central Africa) 
and showed an overall median UI concentration of 83 µg/L; the UI concentration was 
below 50 µg/L in 33% and only 13% had a UI concentration between 150 and 249 µg/L, 
which is considered adequate according to the WHO/UNICEF/ICCIDD standards (1,15). 
14 
 
Our study in Ukraine is consistent with these previous studies, although the high 
frequency of low UI concentrations shows greater severity of iodine deficiency 
compared to the values of other countries. 
Iodine requirement increases during pregnancy because of the increased requirement 
for thyroxine to maintain normal metabolism, the transfer of thyroxine and iodide from 
the mother to the fetus, and the increased loss of iodine in the urine resulting from an 
increased renal clearance of iodine. Beginning in early gestation, maternal thyroid 
hormone production normally increases by approximately 50% in response to increased 
levels of serum thyroxine-binding globulin resulting from the increase in estrogen levels 
and stimulation of thyrotropin receptors by human chorionic gonadotropin. In addition, 
there is an increase in renal blood flow and glomerular filtration, which leads to an 
increased iodide clearance from the plasma and thus to an obligatory loss of iodine (2). 
Because the fetal thyroid does not begin to concentrate iodine until 10 to 12 weeks of 
gestation and is not controlled by fetal pituitary TSH until approximately 20 weeks of 
gestation (16), the fetus is reliant on the maternal thyroxine that crosses the placenta in 
very small quantities (17). 
The WHO/UNICEF/ICCIDD guidelines recommend a daily iodine intake of 150 
µg/day for non-pregnant adults and adolescents and 250 µg/day for pregnant women (1). 
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Increased hormone requirements can only be met by proportional increased hormone 
production, directly depending upon the availability of iodine in the diet. When dietary 
iodine is lacking, adequate physiology adaptation is difficult to achieve and is 
progressively replaced by pathological alterations occurring in parallel with the degree 
and duration of iodine deprivation, which leads to enhanced chronic glandular 
stimulation, hypothyroxinemia, and goiter formation (11). 
Fish are known to contain relatively high amounts of iodine, as does iodized salt, an 
important dietary source of iodine provided in most populations as an intervention 
strategy for sustainable elimination of iodine deficiency and prevention (1,18). However, 
changes in the diet during pregnancy are also necessary. Pregnant women are often 
advised to limit their salt intake to reduce swelling; therefore, implementation of 
strategies such as iodized salt may not always be feasible for pregnant women. It may 
be prudent to ensure adequate iodine intake during pregnancy by iodine 
supplementation, which is useful, safe, and beneficial for both the mother and the fetus 
during pregnancy. The American Thyroid Association recommends that women receive 
150 µg/L iodine supplements daily during pregnancy and lactation. This is based on the 
fact that even though the median UI concentration of pregnant women was 173 µg/L 
(95%CI: 75-229 µg/L), the lower 95%CI was below 150 µg/L in the United States, 
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which is recognized as an iodine-sufficient country (19). 
One of the strengths of our study is that we conducted our research mainly during 
the first trimester of gestation. Because the main changes in thyroid function associated 
with pregnancy begin in the first trimester, sufficient iodine intake is indispensable 
before becoming pregnant as well. In an iodine-sufficient area, healthy women maintain 
iodine stores in the thyroid and during pregnancy; to help meet the increased iodine 
requirements, pregnant women draw on this iodine store. However, in areas of chronic 
iodine deficiency, women enter pregnancy with already depleted iodine stores (20). Our 
study showed that most of the pregnant women were iodine-depleted in the first 
trimester; therefore, we suggest that adequate iodine intake is important for not only 
pregnant women, but for all women of child-bearing age. 
There are some limitations in this study. One is that we did not collect any dietary 
data to determine whether the study participants took any iodized preparations. In 
addition, we did not measure thyroid hormones, such as thyroxine and triiodothyronine. 
Another limitation is the relatively small sample size. Regardless of the iodine intake of 
a population, UI concentration varies considerably and the reliability of iodine nutrition 
studies and the number of samples necessary have not been settled. On the other hand, 
Andersen et al. suggested that the required numbers of urine samples needed to estimate 
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the iodine intake level in a given population were 86 with a 90% confidence and 90% 
precision and 122 with a 95% confidence within a precision range of ±10% (21). 
According to these standards, our number of samples appears to be adequate to assess 
the iodine status for this region. 
In conclusion, the UI concentration of pregnant women in Ukraine revealed severe 
iodine deficiency. Regular monitoring and appropriate nutrition education are essential 
because iodine deficiency can be easily prevented by adequate iodine intake. The risk of 
iodine deprivation during pregnancy needs to be assessed locally over time, because it 
may occur in areas that are not globally recognized as being iodine deficient (22). The 
elimination of iodine deficiency disorders is a critical development issue and continued 
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Table 1. Characteristics of the study participants. 
 





Age (years)  25.9 ± 5.5  31.9 ± 6.1  p < 0.001  
UI (μg/L)  13.0 (ND-51.0)  62.0 (35.3-108.5)  p < 0.001  
TSH (IU/L)  1.7 (1.2-2.7)  2.2 (1.4-3.1)  p = 0.011  
TGAb, n (%)  4 (2.7%)  7 (8.8%)  p = 0.042  
TPOAb, n (%)  12 (8.1%)  7 (8.8%)  p = 0.87  
TGAb and/or TPOAb, n (%)  14 (9.5%)  10 (12.6%)  p = 0.48  
 
Values are mean ± standard deviation or median (25th-75th percentile). 
Abbreviations: urinary iodine (UI), thyroid-stimulating hormone (TSH), 





Table 2. Urinary iodine concentrations of pregnant and control women and number of 
cases with iodine deficiencies. 
 




































Figure 1. Distribution of urinary iodine concentrations in pregnant and control women. 
Distribution of urinary iodine concentrations in 
pregnant and control women 
